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Objectives

1. Generate TSL file 7 libraries (and related cross
section files) for materials of interest to NCSP
and NNPP

2. Develop the next generation tool for TSL data
generation



Progress to Date

Task Expected 
completion

Actual 
completion

Comments

SiO2 FY’14 FY’14 Contributed to NNDC

SiC FY’14 FY’14 Contributed to NNDC

(C5H8O2)n FY’15 FY’15 Contributed to NNDC

(CH2)n FY’16 FY’15 File 7 ready for NNDC

Lubricant Oil FY’17 On going

TSL Code
Development

FY’16 1) Code flow and structure
2) Generalized coherent 

elastic scattering module
3) Generalized coherent 

inelastic scattering 
module



Publications
1. Y. Zhu, A. I. Hawari, “Implementation of a Generalized Coherent

Elastic Scattering Formulation for Thermal Neutron Scattering
Analysis,” Proceedings of International Conference on Nuclear
Criticality Safety, Charlotte, NC, USA, 2015.

2. A. I. Hawari, A. Petersen, Y. Zhu, J. L. Wormald, D. P. Heinrichs,
M. L. Zerkle, “Analysis of Thermal Neutron Scattering in
Polymethyl Methacrylate (Lucite),” Trans. American Nuclear
Society, 113, 2015.

3. Several abstracts (eventually papers) have been submitted to ND
2016
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Polyethylene MD Model

 Poly(ethylene) polymer 

 20 polymer chains

 200 monomers (C2H4) 
long

 24000 atoms



Dreiding force field

L-J (VDW) term:

Fitted for the system to match 
the experimental density

> 0.9 g/cm3

Dihedral barrier term:

Fitted for the system to match 
the experimental 
amorphous/crystal composition

~ 80% crystal fraction

𝐸 = 𝐸𝑣𝑑𝑤 + 𝐸𝑄 + 𝐸𝐵 + 𝐸𝐴 + 𝐸𝑇

𝐸𝑣𝑑𝑤 = 𝐴𝑅−12 − 𝐵𝑅−6

𝐸𝑄 = Τ𝐶𝑄𝑖𝑄𝑗 𝜖𝑅𝑖𝑗

𝐸𝐵 = ൗ1 2 𝑘0 𝑅 − 𝑅0
2

𝐸𝐴 = ൗ1 2𝐾𝐼𝐽𝐾 𝑐𝑜𝑠𝜃𝐼𝐽𝐾 − 𝑐𝑜𝑠𝜃
2

𝐸𝑇 = 𝐸𝐼𝐽𝐾𝐿 = ൗ1 2𝑉𝐽𝐾 1 − 𝑐𝑜𝑠 𝑛𝐽𝐾 𝜑 − 𝜑𝐽𝑘
0

MD Potential Function



MD Simulation

T = 300 K    P = 1 atm

Iterate to achieve objectives



Computational Approach
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Polyethylene VACF



Polyethylene VACF



Polyethylene VACF



Density of States
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Exp. Data: C. M. Lavelle et al. , NIM A, 711, 

166 (2013). 



Thermal Scattering Law



Differential Cross Section
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Exp. Data: R. E. Hill et al., NIM A, 538, 686 

(2005).



Total Scattering Cross Section
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Total Scattering Cross Section
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Polyethylene File 7



Lubricant Oil MD Model
 Distilled and dewaxed 

heavy paraffinic mineral oil

 Example molecule

C23H48

 Test model 20 molecules

 Verification of physical 
properties is underway



Next Generation Code



Next Generation Code



Coherent Elastic Scattering

Current Generalized (NCSU)

Supported structure Hexagonal, FCC, BCC Any crystal structure

Supported material
Graphite, beryllium, 

beryllium oxide, aluminum, 
lead, iron

Any material

Compound material 2 elements with ratio 1:1
Any number of elements with 

any ratio

Cubic Approximation Yes No

Atom sites approximation Yes No

Coherent Elastic Scattering 
Cross Section

Over Ewald Sphere
On every reciprocal space 

point 

Need to modify source code if 
calculating other materials

Yes No



Summary

 Generation of TSL File 7 libraries is proceeding

 Polyethylene completed in FY’15

 Polymethyl Methacrylate (Lucite) contributed to NNDC in
FY’15

 New materials are initiated

Work on “next generation” TSL generation code is
ongoing. FY’16 tasks include

 Defining code flow and structure

 Integration of a generalized coherent elastic scattering
module

 Completing a generalized coherent inelastic scattering
module


